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6XUIDFH URXJKQHVV LV D YLWDO SDUDPHWHU WR DVVHVV WKH GHVLUDEOH TXDOLW\ RI WKH ILQLVKHG SURGXFW  +DUG WXUQLQJ
SURFHVVLVDGYDQWDJHRXVRYHUWUDGLWLRQDOSURFHVVLQWHUPVRIUHGXFWLRQLQF\FOHWLPHUHGXFWLRQLQSURGXFWLRQFRVWDQG
LPSURYHPHQW LQ VXUIDFH ILQLVK 0DQXIDFWXULQJ LQGXVWULHV DUH GHYHORSLQJ DWWHQWLRQV RQ GLPHQVLRQDO DFFXUDF\ DQG
VXUIDFHURXJKQHVVRIILQLVKHGSURGXFWVDVWKH\DUHYHU\PXFKLPSRUWDQW
,QWKHKDUGWXUQLQJSURFHVVWKHUHLVDKLJKXUJHWRUHGXFHFXWWLQJWHPSHUDWXUHFXWWLQJIRUFHDQG IULFWLRQVRDVWR
UHGXFH WRRO ZHDU DQG WR LPSURYH VXUIDFH ILQLVK +HQFH KDUG WXUQLQJ RSHUDWLRQ LV QRUPDOO\ SHUIRUPHG XQGHU
FRQYHQWLRQDOZHWFRROLQJ
%HVLGHV SURYLGLQJ WHFKQRORJLFDO EHQHILWV FRQYHQWLRQDO FXWWLQJ IOXLGV SRVH HQYLURQPHQWDO SUREOHPV VXFK DV
SROOXWLRQLQWKHVKRSIORRUGXHWRFKHPLFDOEUHDNGRZQRIWKHFXWWLQJIOXLGDWKLJKFXWWLQJWHPSHUDWXUHFUHDWLRQRI
ELRORJLFDOO\ KD]DUGRXV HQYLURQPHQW WR RSHUDWRUV GXH WR EDFWHULDO JURZWK ZDWHU SROOXWLRQ DQG VRLO FRQWDPLQDWLRQ
GXULQJILQDOGLVSRVDO 'KDUHWDO  3HRSOHH[SRVHGWRODUJHTXDQWLWLHVRIFXWWLQJIOXLGVPD\KDYHVNLQFRQWDFW
DQG WKH\PD\ LQKDOH RU VZDOORZ WKHPLVW SDUWLFOHV RI FXWWLQJ IOXLG7KH DGGLWLYHV SUHVHQW LQ WKH SHWUROHXPEDVHG
FXWWLQJIOXLGVPD\FDXVHGHUPDWLWLVSUREOHPVLQWKHUHVSLUDWRU\DQGGLJHVWLYHV\VWHPVDQGHYHQ FDQFHUGXHWRWKHLU
WR[LFLW\ 4XLQQ  +DQGOLQJ RI FXWWLQJ IOXLG PD\ LQFOXGH WKH SUHWUHDWPHQW DQG WUHDWPHQW RI FXWWLQJ IOXLG
ZDVWHV7KHFRVWRI IOXLGSUHWUHDWPHQWWUHDWPHQW LV VRPHWLPHVKLJKHU WKDQ WKH SXUFKDVHSULFHRI WKHFXWWLQJ IOXLG
LWVHOI $OGHUHWDO 
(QRUPRXVXVDJHRIFXWWLQJIOXLGLQWKHVKRSIORRULQFUHDVHVWKHSUHVHQFHRIRLOFRQWHQWLQWKHDLUZKLFKVKRXOGEH
NHSWZLWKLQWKHSUHVFULEHGUHJXODWLRQVVXJJHVWHGE\RFFXSDWLRQDOVDIHW\DQGKHDOWKDGPLQLVWUDWLRQ 1,26+ 
,WLVIRXQGWKDW(XURSHDORQHFRQVXPHVDSSUR[LPDWHO\WRQVRIPHWDOZRUNLQJIOXLGV SHU\HDURXWRIZKLFKDW
OHDVWWZRWKLUGVQHHGWREHGLVSRVHG $EGDOODHWDO 
7KHSUREOHPVDVVRFLDWHGZLWKFXWWLQJIOXLGVFDQEHFRPSOHWHO\DYRLGHGE\XVLQJGU\PDFKLQLQJ %XWLW LVYHU\
GLIILFXOW WR LPSOHPHQWRQ WKH H[LVWLQJ VKRS IORRU DV LW QHHGV H[WUHPHO\ ULJLGPDFKLQH WRROV DQGXOWUD KDUG FXWWLQJ
WRROV /HR DQG9DUDGDUDMDQ  ,Q RUGHU WR DOOHYLDWH WKH DERYHPHQWLRQHG QHJDWLYH HIIHFWV RI FXWWLQJ IOXLGV
PDFKLQLQJZLWKPLQLPDO&XWWLQJ)OXLG$SSOLFDWLRQ0&)$KDVEHHQHYROYHG
,QPLQLPDOFXWWLQJIOXLGDSSOLFDWLRQH[WUHPHO\VPDOOTXDQWLWLHVRIFXWWLQJIOXLGLVLQMHFWHGLQWKHIRUPRIXOWUD ILQH
GURSOHWVDWYHU\KLJKYHORFLW\DERXWPVLQWRWKHFXWWLQJ]RQHZKLFKLVDOVRFDOOHGDVSVHXGRGU\WXUQLQJ )RUDOO
SUDFWLFDO SXUSRVHV LW UHVHPEOHVGU\ WXUQLQJ LQ DFKLHYLQJ LPSURYHG VXUIDFH ILQLVK ORZHU WRROZHDUE\ PDLQWDLQLQJ
FXWWLQJIRUFHVDQGSRZHUDWUHDVRQDEOHOHYHOV 3KLOLS HWDO 
0RGHOV UHODWHG WR PDFKLQLQJ RSHUDWLRQV DUH QRQOLQHDU LQ QDWXUH  ,Q RUGHU WR JHW EHWWHU DQG DFFXUDWH UHVXOWV
DQDO\WLFDO PRGHOV DUH RIWHQ VXEMHFWHG WR VLPSOLILFDWLRQV DQG DVVXPSWLRQV  $UWLILFLDO LQWHOOLJHQFH EDVHGPRGHOLQJ
DSSURDFKHVDUHVXLWDEOH IRU UHDO WLPHDSSOLFDWLRQVRXWRIZKLFK $UWLILFLDO1HXUDO1HWZRUN $11ZDVIRXQG WREH
YLDEOH UHOLDEOHDQGDWWUDFWLYHDSSURDFK &KU\VVRORXULVDQG*XLOORW+DEHUDQG$OLTXH GXH WRFHUWDLQ
FKDUDFWHULVWLFV
x $11LV VXLWDEOHIRUKDQGOLQJQRQOLQHDUIRUPRILQSXWVDQGRXWSXWV
x $11LVPRUHVXFFHVVIXOZKHQFRPSDUHGWRFRQYHQWLRQDODSSURDFKHV
x $Q\QXPEHURIFRQILJXUDWLRQVFDQEHGHYHORSHGWRREWDLQDEHWWHUSUHGLFWHGYDOXHRIWKHRXWSXW
2 ]HO DQG.DUSDW  XVHGQHXUDO QHWZRUNPRGHO WRSUHGLFW VXUIDFH URXJKQHVV DQG WRRO IODQNZHDU GXULQJ
ILQLVKKDUGWXUQLQJ /HRDQG9DUDGDUDMDQGHYHORSHGDPRGHOEDVHGRQ$UWLILFLDO1HXUDO1HWZRUNWRVLPXODWHVXUIDFH
PLOOLQJRIKDUGHQHG$,6,VWHHOZLWKPLQLPDOIOXLGDSSOLFDWLRQ /HRHWDO 
)URPWKHOLWHUDWXUHUHYLHZLWZDVIRXQGWKDW$11KDVEHHQVXFFHVVIXOO\DSSOLHGE\WKHUHVHDUFKHUVIRUPRGHOLQJ
VXUIDFHURXJKQHVVLQKDUGWXUQLQJSURFHVVEXW YHU\IHZ ZRUNVDUH UHSRUWHGRQWKHPRGHOLQJRIVXUIDFHURXJKQHVVLQ
KDUGWXUQLQJZLWKPLQLPDOFXWWLQJIOXLGDSSOLFDWLRQGXULQJKDUGWXUQLQJRI$,6,VWHHOZLWKRSHUDWLQJSDUDPHWHUV
ZLWKRXW VHQVRU IXVLRQ  ,Q WKHSUHVHQWZRUNDQDWWHPSWZDVPDGH WR IXVH WKHFXWWLQJ WHPSHUDWXUH VLJQDOVZLWK WKH
FXWWLQJSDUDPHWHUVLJQDOVXVLQJDQHXUDOQHWZRUNPRGHOWRSUHGLFWVXUIDFHURXJKQHVVGXULQJKDUGWXUQLQJRI+WRRO
VWHHOZLWKPLQLPDOFXWWLQJ IOXLGDSSOLFDWLRQ  ,WZDV IRXQG WKDW WKHSUHGLFWLRQVRI WKH$11DVVLVWHG VHQVRU IXVLRQ
PRGHOPDWFKHGZHOOZLWKWKHH[SHULPHQWDOUHVXOWV
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7KH FXWWLQJ SDUDPHWHUV QDPHO\ IHHG UDWH FXWWLQJ VSHHG DQG GHSWK RI FXW ZHUH YDULHG DW WKUHH OHYHOV  7KH
H[SHULPHQWDOZRUNZDVFRQGXFWHGZLWKWZRUHSOLFDWLRQV7DEOHVKRZVWKHH[SHULPHQWDOFRQGLWLRQVDQGUHVXOWVRI
/ RUWKRJRQDO DUUD\ 7KH IOXLG DSSOLFDWLRQ SDUDPHWHUV QDPHO\ SUHVVXUH DW WKH LQMHFWRU IUHTXHQF\ RI SXOVLQJ
FRPSRVLWLRQRIFXWWLQJIOXLGDQGUDWHRIDSSOLFDWLRQRIFXWWLQJIOXLGZHUHPDLQWDLQHGDWEDUSXOVHVPLQ
RLOLQZDWHUDQGPOPLQUHVSHFWLYHO\ 3KLOLSHWDO 
 $UWLILFLDO1HXUDO1HWZRUNPRGHOZLWKRXWVHQVRUIXVLRQ
7KHDUFKLWHFWXUHIRUWKHDUWLILFLDOQHXUDOQHWZRUNZDVVHOHFWHGWKURXJKDQH[KDXVWLYHH[DPLQDWLRQRIDQXPEHURI
QHWZRUNFRQILJXUDWLRQV7KLVZDVGRQHE\FKDQJLQJWKHQXPEHURIQHXURQVLQWKHKLGGHQOD\HUDQGWKHQXPEHURI
KLGGHQOD\HUV
$EDFNSURSDJDWLRQDOJRULWKPZKLFKDGMXVWVZHLJKWVDFFRUGLQJWRWKH JUDGLHQWGHVFHQWPHWKRG 9DOOXUX 5DRDQG
+D\DJULYD 5DR  ZDV XVHG WRPLQLPL]H WKH GLIIHUHQFH EHWZHHQ WKH GHVLUHG RXWSXW DQG DFWXDO RXWSXW RI WKH
QHWZRUN$ URXWLQHZKLFKXWLOL]HVD IHHG IRUZDUGEDFNSURSDJDWLRQDOJRULWKPZDVXVHG LQGHYHORSLQJ WKLVPRGHO
7KHSURFHVVRIXSGDWLQJWKHYDOXHRIZHLJKWVDQGELDVHVRIWKHDOJRULWKPZDVHDVLO\PDGHZLWKWKHDVVLVWDQFHRI WKH
0DWODE$11WRROER[1HWZRUNVZLWKYDU\LQJDUFKLWHFWXUHZHUHWUDLQHGIRUDIL[HGQXPEHURIF\FOHVDQGZHUHWHVWHG
XVLQJDVHWRILQSXWDQGRXWSXWSDUDPHWHUV7KHJXLGHOLQHVJLYHQE\=KDQJHWDO  ZDVFRQVLGHUHGDORQJZLWK
RWKHUFRQILJXUDWLRQV$FFRUGLQJWR=KDQJHWDOWKHUHFRPPHQGHGQXPEHURIQRGHVIRUWKHKLGGHQOD\HUDUH µQ¶
µQ¶ µQ¶DQG µQ¶ ZKHUHQLVWKHQXPEHURILQSXWQRGHV6LQFHWKHQXPEHURILQSXWYDULDEOHVLVIRUWKLVVWXG\
WKH UHFRPPHQGHGQXPEHURIQRGHV LQ WKH KLGGHQ OD\HUDUH   §   DQG  
7KHUHIRUH WKLV VWXG\ ZDV DSSOLHG WR HLJKW GLIIHUHQW QHWZRUN VWUXFWXUHV ZKLFK DUH ±± ±± ±± ±±
±±± ± ±± ±±± DQG ±±± DSDUW IURP  RWKHU FRQILJXUDWLRQV IRU WKH SUHGLFWLRQ RI VXUIDFH
URXJKQHVV
,Q WKLV SUHVHQW LQYHVWLJDWLRQ µWUDLQOP¶ZDV FRQVLGHUHG DV WKH WUDLQLQJ IXQFWLRQ DQG µOHDUQJGP¶  DV WKH OHDUQLQJ
IXQFWLRQ 7KH WUDQVIHU IXQFWLRQRI WKH$11PRGHOZDVFRQVLGHUHGDV³WDQVLJ´DQG WKHVLJPRLG IXQFWLRQ WKDWZDV
XVHGLQWKLVH[SHULPHQWDWLRQLVVKRZQLQHTXDWLRQ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7KHKLGGHQOD\HUW\SHZDVDOWHUHGLQWRVLQJOHDQGPXOWLOD\HUW\SHVZLWKGLIIHUHQWQHXURQDOYDOXHVXVLQJWULDODQG
HUURUPHWKRG =KDQJ HW DO  IRU WKHEHVW FRQILJXUDWLRQZLWK OHDVW06(HUURU YDOXH DQGEHWWHU FRHIILFLHQW RI
GHWHUPLQDWLRQ
 6XUIDFHURXJKQHVVSUHGLFWLRQE\$11ZLWKRXWVHQVRUIXVLRQ
$URXWLQHZKLFKXWLOL]HVD IHHGIRUZDUGEDFNSURSDJDWLRQDOJRULWKPZDVXVHG IRUGHYHORSLQJ WKH$11PRGHO
2XWRIWKHUHDGLQJVLQ7DEOHUHDGLQJVZHUHUHVHUYHGIRUWUDLQLQJ WKHPRGHODQGUHDGLQJVZHUHXVHGIRU
WHVWLQJWKHPRGHODQGWKLVUDWLREHWZHHQWKHQXPEHURIWUDLQLQJYDOXHVWRWKH QXPEHURIWHVWLQJYDOXHVZDVFKRVHQ
EDVHGRQVLPLODUZRUN $EGDOODHWDO&KU\VVRORXULVDQG*XLOORW  &XWWLQJWHPSHUDWXUHZDVQRWWDNHQLQ
WRFRQVLGHUDWLRQ1HWZRUNVZLWKYDU\LQJDUFKLWHFWXUHZHUHWUDLQHGIRUGLIIHUHQWQXPEHURIF\FOHV7KHQXPEHURI
KLGGHQ OD\HUVDQGQXPEHURIQHXURQV LQ WKHKLGGHQ OD\HUZDVFKDQJHGSURJUHVVLYHO\7KH URRWPHDQVTXDUHHUURU
506(ZDVFRQVLGHUHGDVTXDGUDWLFVFRULQJUXOHIRUWKHPHDVXUHPHQWRIDYHUDJHPDJQLWXGHRIWKHHUURU506(LV
PRUHXVHIXOZKHQODUJHHUURUVDUHSDUWLFXODUO\XQGHVLUDEOH 3DXOR 'DYLP 
$11PRGHOZDVWUDLQHGZLWKGLIIHUHQWFRQILJXUDWLRQVZLWKRXWFRQVLGHULQJWKHWHPSHUDWXUH DQG506(YDOXHV
DQGFRHIILFLHQWRIGHWHUPLQDWLRQYDOXHVZHUHFDOFXODWHG  ,Q WKLVVWXG\GLIIHUHQWDUFKLWHFWXUHVZHUH WUDLQHGDQG
VRPHRIWKHFRQILJXUDWLRQVZKLFKJDYHORZHU06(VDUHVKRZQLQ)LJ
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)LJ 9DULDWLRQRIOLPLWLQJ06(ZLWKGLIIHUHQWOD\HUFRQILJXUDWLRQ
2XWRIWKHWKHFRQILJXUDWLRQVDQDUFKLWHFWXUHFRQVLVWHGRIWKUHHQHXURQVLQWKHLQSXWOD\HUWZRKLGGHQOD\HUV
ZLWKVHYHQQHXURQV HDFK DQG RQHQHXURQLQWKHRXWSXWOD\HUZDVIRXQGWRKDYHORZHVW06(YDOXHRI
DW  F\FOHV  7KH FRHIILFLHQW RI GHWHUPLQDWLRQ IRU WKLV FRQILJXUDWLRQZDV IRXQG WREH7KLV 
DUFKLWHFWXUHRI$11PRGHOLVVKRZQLQ)LJ
)LJ7KHDUFKLWHFWXUHRIWKH$11PRGHO
7KHWHVWSDWWHUQVXVHGIRUYDOLGDWLQJWKH$11PRGHOGXULQJKDUGWXUQLQJZLWKPLQLPDOFXWWLQJIOXLGDSSOLFDWLRQ
DQG LWV FRPSDULVRQ ZLWK H[SHULPHQWDO UHVXOWV LV VKRZQ LQ 7DEOH   ,W ZDV VHHQ WKDW WKHUH LV D JRRG DJUHHPHQW
EHWZHHQWKHSUHGLFWLRQVRI$11PRGHODQGWKHH[SHULPHQWDOUHVXOWV
7DEOH7HVWLQJDQGFRPSDULVRQRIVXUIDFHURXJKQHVVE\$11ZLWKH[SHULPHQWDOUHVXOWV
7HVWLQJGDWD 6XUIDFHURXJKQHVV5D P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 $UWLILFLDO1HXUDO1HWZRUNPRGHOZLWKVHQVRUIXVLRQ
,W LV UHSRUWHG WKDW DPRGHO FDQ SUHGLFW WKH UHVXOWV LQ D EHWWHUZD\ZKHQ V\PSWRPV DUH FRQVLGHUHG FROOHFWLYHO\
UDWKHUWKDQZKHQWKH\DUHFRQVLGHUHGLQGLYLGXDOO\ 6DPDQG9DUDGDUDMDQ  $FFRUGLQJO\DQDWWHPSWZDVPDGH
WRGHYHORSDQ$11PRGHOWRIXVHFXWWLQJWHPSHUDWXUHDORQJZLWKIHHGUDWH FXWWLQJVSHHGDQGGHSWKRIFXW7KH
VHWV RI H[SHULPHQWDO GDWD DYDLODEOH LQ7DEOHZDV XVHG IRU GHYHORSLQJ WKH VHQVRU IXVLRQPRGHO RXW RIZKLFK
UHDGLQJV ZHUH WDNHQ IRU WUDLQLQJ DQG  UHDGLQJV ZHUH WDNHQ IRU WHVWLQJ ,Q WKLV VHQVRU IXVLRQ PRGHO FXWWLQJ
WHPSHUDWXUH ZDV WDNHQ LQWR FRQVLGHUDWLRQ DQG LW ZDV IXVHG DV RQH RI WKH LQSXW SDUDPHWHUV DORQJ ZLWK IHHG UDWH
FXWWLQJ VSHHG DQG GHSWK RI FXW $ IHHGIRUZDUG EDFN SURSDJDWLRQ DOJRULWKP ZDV HPSOR\HG  7KH QHWZRUN ZDV
FUHDWHGZLWKQHXURQVLQWKHLQSXWOD\HUDQG RQHQHXURQLQWKHRXWSXWOD\HUDQGVLPLODUSURFHGXUHLQWKHSUHYLRXV
PHWKRG ZDV IROORZHG 7KH QXPEHU RI KLGGHQ OD\HUV DQG QXPEHU RI QHXURQV LQ WKH KLGGHQ OD\HU ZHUH FKDQJHG
SURJUHVVLYHO\7KHURRWPHDQVTXDUHHUURU506(ZDVFRQVLGHUHGIRUWKHPHDVXUHPHQWRIDYHUDJHPDJQLWXGHRIWKH
HUURU'XULQJWKHVHQVRUIXVLRQPRGHOGLIIHUHQWFRQILJXUDWLRQZHUHWUDLQHGDQGVRPHRIWKHFRQILJXUDWLRQVZKLFK
JDYHORZHU06(VDUHVKRZQLQ)LJ
)LJ 9DULDWLRQRIOLPLWLQJ06(ZLWKGLIIHUHQWOD\HU FRQILJXUDWLRQ
2XWRIWKRVHFRQILJXUDWLRQVRQHZLWKOHDVW06(YDOXHZDVIRXQGWREHZLWKD06(HUURURIDW
F\FOHV7KLVDUFKLWHFWXUHRI$11PRGHOLVVKRZQLQ)LJ
)LJ 7KHDUFKLWHFWXUHRIWKH$11PRGHO
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7KLV$11 FRQILJXUDWLRQZDV VHOHFWHG WR IXVH WKH VLJQDOV RI IHHG UDWHGHSWKRIFXW DQGFXWWLQJ WHPSHUDWXUH WR
SUHGLFWWKHVXUIDFHURXJKQHVVYDOXHV,QDGGLWLRQWRWKLVWKHFRQILJXUDWLRQZDVIRXQGWRKDYHDFRHIILFLHQWRI
GHWHUPLQDWLRQRI
7KH$11PRGHOWKDWZDVGHYHORSHGZLWKWKHFRQILJXUDWLRQDVVKRZQLQ)LJZDVWHVWHGZLWKWKHWHVWLQJGDWDLQ
7DEOH7KHUHVXOWVDUHFRPSDUHGZLWKWKHH[SHULPHQWDOUHVXOWV
7DEOH 7HVWLQJDQGFRPSDULVRQRIVXUIDFHURXJKQHVVSUHGLFWHGE\$11PRGHOZLWKWHPSHUDWXUHDQGH[SHULPHQWDOUHVXOW
6O1R 7HVWLQJGDWD 5D P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7KHFRHIILFLHQWRIGHWHUPLQDWLRQDQGWKHVWDQGDUGHUURUIRUWKH$11PRGHOZLWKDQGZLWKRXWVHQVRUIXVLRQDUH
SUHVHQWHGLQ7DEOH
7DEOH&RHIILFLHQWRIGHWHUPLQDWLRQDQG VWDQGDUGHUURUIRU$11PRGHOZLWKDQGZLWKRXWVHQVRUIXVLRQ
0RGHO 6WDQGDUGHUURU &RHIILFLHQWRIGHWHUPLQDWLRQ
$11PRGHOZLWKRXWWHPSHUDWXUH  
$11PRGHOZLWKWHPSHUDWXUH  
 5HVXOWVDQGGLVFXVVLRQ
&RQVLGHULQJ WKH DGYDQWDJHVRI $11 FXWWLQJ WHPSHUDWXUHZDV FRQVLGHUHG DORQJZLWK WKH FXWWLQJSDUDPHWHUV WR
SUHGLFWVXUIDFHURXJKQHVVDQGLWZDV IRXQG WKDWEHWWHUSUHGLFWLRQLVSRVVLEOHZKHQFXWWLQJWHPSHUDWXUHLVFRQVLGHUHG
FROOHFWLYHO\ZLWKWKHFXWWLQJSDUDPHWHUV 7KHFRPSDULVRQEHWZHHQ$11PRGHOZLWKDQGZLWKRXW IXVLRQVKRZQLQ
7DEOH  FOHDUO\ UHYHDOHG WKDW $11 PRGHO GHYHORSHG E\ FRQVLGHULQJ FXWWLQJ WHPSHUDWXUH DORQJ ZLWK FXWWLQJ
SDUDPHWHUVSUHGLFWHGEHWWHUUHVXOWVWKDQWKHSUHGLFWLRQVE\$11PRGHOZLWKRXWVHQVRUIXVLRQ)URP7DEOH LWZDV
IRXQGWKDWVWDQGDUGHUURUZDVUHGXFHGE\DQGWKHFRHIILFLHQWRIGHWHUPLQDWLRQZDVLPSURYHGE\ZKHQ
WHPSHUDWXUHZDVIXVHGZLWKFXWWLQJSDUDPHWHUVLQ$11PRGHO
 &RQFOXVLRQV
,QWKHSUHVHQWVWXG\$11DSSURDFKZDVXVHGIRUWKHSUHGLFWLRQRIVXUIDFHURXJKQHVVGXULQJKDUGWXUQLQJRI+
WRROVWHHOZLWKPLQLPDOIOXLGDSSOLFDWLRQ7KHGDWDREWDLQHGE\PHDQVRI/ RUWKRJRQDODUUD\ZHUHXVHGWRGHYHORS
WKHPRGHOV7KHIROORZLQJFRQFOXVLRQVZHUHGUDZQIURPWKHSUHVHQWVWXG\
x 6XUIDFH URXJKQHVVFDQEHSUHGLFWHGEHWWHUE\FRQVLGHULQJPRUHV\PSWRPVDORQJZLWKFXWWLQJSDUDPHWHUV
x $IXVLRQPRGHOEDVHGRQ$11FDQSUHGLFWVXUIDFHURXJKQHVVEHWWHUWKDQWKH$11PRGHOZLWKRXWVHQVRU
IXVLRQ
x 0LQLPDOFXWWLQJIOXLGDSSOLFDWLRQWHFKQLTXHSURPRWHGJUHHQHQYLURQPHQWLQWKHVKRSIORRUPLQLPL]HG
WKHLQGXVWULDOKD]DUGDQGXVDJHRIODUJHTXDQWLW\RIFXWWLQJIOXLG
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$FNQRZOHGJHPHQW
7KH DXWKRUV DUH JUDWHIXO WR WKH &HQWUH IRU 5HVHDUFK LQ 'HVLJQ DQG0DQXIDFWXULQJ (QJLQHHULQJ &5'0 RI WKH
6FKRRORI0HFKDQLFDO 6FLHQFHV.DUXQ\D8QLYHUVLW\ IRU IDFLOLWDWLQJ WKHUHVHDUFKZRUN7KHDXWKRUVZRXOG OLNH WR
WKDQN0U 1LWLQ'DYLG0U1LNKLO*HRUJH DQG0U*LELQ. 6LPRQ DQG JURXS IRU WKHLU KHOS LQ FRQGXFWLQJ WKH
H[SHULPHQWV
5HIHUHQFHV
$EGDOOD+6%DLQHV:0F,QW\UH*6ODGH&'HYHORSPHQWRIQRYHOVXVWDLQDEOHQHDWRLOPHWDOZRUNLQJ IOXLGVIRUVWDLQOHVV VWHHO DQG
WLWDQLXPDOOR\PDFKLQLQJ3DUW)RUPXODWLRQGHYHORSPHQW-RXUQDORI$GYDQFHG 0DQXIDFWXULQJ7HFKQRORJ\ ±
&KU\VVRORXULV * *XLOORW 0  $ FRPSDULVRQ RI VWDWLVWLFDO DQG $, DSSURDFKHV WR WKH VHOHFWLRQ RI SURFHVV SDUDPHWHUV LQ LQWHOOLJHQW
PDFKLQLQJ$60(-RXUQDORI(QJLQHHULQJIRU,QGXVWU\ ±
'KDU153DXO6&KDWWRSDGK\D\$%5ROHRIFU\RJHQLF FRROLQJRQFXWWLQJ WHPSHUDWXUHLQWXUQLQJVWHHO7UDQVDFWLRQVRI WKH$60(
  ± 
+DEHU5($OLTXH$,QWHOOLJHQWSURFHVVVXSHUYLVLRQIRUSUHGLFWLQJWRROZHDULQPDFKLQLQJSURFHVVHV 0HFKDWURQLFV ±
/HR'HY :LQV.9DUDGDUDMDQ$65DPDPRRUWK\% $UWLILFLDO1HXUDO1HWZRUNDVVLVWHG VHQVRUIXVLRQ PRGHOIRUSUHGLFWLQJWRROZHDU
RQOLQHGXULQJKDUGWXUQLQJWKLQWHUQDWLRQDOV\PSRVLXPRQPHDVXUHPHQW DQGTXDOLW\FRQWUROWK,604&,,70DGUDV ±
/HR 'HY:LQV . 9DUDGDUDMDQ $6  $Q (QYLURQPHQW )ULHQGO\ 7ZLQMHW0LQLPDO )OXLG $SSOLFDWLRQ 6FKHPH IRU 6XUIDFH0LOOLQJ RI
+DUGHQHG$,6,6WHHO,QWHUQDWLRQDO-RXUQDORI0DQXIDFWXULQJ6\VWHPV 
1,26+0HWDO:RUNLQJ)OXLGV  5HFRPPHQGDWLRQIRU&KURQLF,QKDODWLRQ6WXGLHV1DWLRQDO,QVWLWXWHIRU 2FFXSDWLRQDO 6DIHW\ DQG +HDOWK
1,26+&LQFLQQDWL86$
2 ]HO 7 .DUSDW <  3UHGLFWLYHPRGHOLQJ RI VXUIDFH URXJKQHVV DQG WRROZHDU LQ KDUG WXUQLQJ XVLQJ UHJUHVVLRQ DQG QHXUDO QHWZRUNV
,QWHUQDWLRQDO-RXUQDORI0DFKLQH7RROVDQG0DQXIDFWXUH ±
3KLOLS3.9DUDGDUDMDQ$65DPDPRRUWK\%µ,QIOXHQFHRIFXWWLQJIOXLGFRPSRVLWLRQDQGGHOLYHU\ YDULDEOHVRQSHUIRUPDQFHLQKDUG
WXUQLQJXVLQJPLQLPDOIOXLGLQSXOVHGMHWIRUP¶-RXUQDORIWKH,QVWLWXWLRQ RI(QJLQHHUV,QGLD±
3DXOR'DYLP-*DLWRQGH91.DUQLN65,QYHVWLJDWLRQVLQWRWKHHIIHFWRIFXWWLQJFRQGLWLRQVRQVXUIDFH URXJKQHVVLQWXUQLQJ RIIUHH
PDFKLQJ VWHHOE\$11PRGHOVMRXUQDORIPDWHULDOVSURFHVVLQJWHFKQRORJ\  ±
4XLQQ/-0HWDOZRUNLQJIOXLGV DWWKHFXWWLQJHGJHRIKHDOWKDQGVDIHW\$6706WDQGDUGLVDWLRQ1HZV±
6DP3DXO39DUDGDUDMDQ$6$ PXOWLVHQVRUIXVLRQPRGHOEDVHGRQDQDUWLILFLDOQHXUDOQHWZRUNWRSUHGLFW WRROZHDUGXULQJKDUGWXUQLQJ
3URFHHGLQJVRIWKH,QVWLWXWLRQRI0HFKDQLFDO (QJLQHHUV3DUW%-RXUQDORI (QJLQHHULQJ0DQXIDFWXUH±
9DUDGDUDMDQ$65DPDPRRUWK\%DQG3KLOLS3.)RUPXODWLRQRID&XWWLQJIOXLGIRU+DUG7XUQLQJZLWK 0LQLPDO)OXLG$SSOLFDWLRQ
WK$,07'5FRQIHUHQFH%LUODLQVWLWXWHRI7HFKQRORJ\5DQFKL,QGLD
9DOOXUX5DR+D\DJULYD5DR&1HXUDO1HWZRUNVDQG)X]]\/RJLF%3%3XEOLFDWLRQV1HZ'HOKL
=KDQJ*3DWXZR%(+X0<)RUHFDVWLQJZLWKDUWLILFLDOQHXUDOQHWZRUNV7KHVWDWHRIWKHDUW ,QWHUQDWLRQDO-RXUQDORI)RUHFDVWLQJ
 ±
